The research goal has been synchronizing the process of asphalt production, asphalt transportation and pavement laying by connecting different machines together using wireless technologies. Sensors and GPS positioning units were installed to the machines for measuring process variables (e.g. mass temperature) and detecting events (e.g. loading, unloading). The first prototype system (autumn 2007) was based on embedded wireless measurement and data collection modules. A more recent system uses a vehicle PC and a separate embedded system module with sensor interfaces and a short-range radio transmitter. Vehicles communicate with the database through a GPRS link and use a short-range radio as an RFID for authentication and a direct communication channel with the other vehicles. GPS position information is used for context recognition together with the short-range radio and sensor information. Process information is continuously stored to a database, to be used for quality control and process optimization.
Introduction
Since recent road pavement processes are not optimal and many process variables are usually unknown this research focused on the process management and the quality data collection of the asphalt paving process [Peyret et al. 2000] . A system for monitoring and controlling asphalt pavement process was developed by connecting the machines in this process together using real-time wireless communication in a similar way that production machines are typically connected inside a production plant. This enables information sharing between the machine operators and automatic data collection using sensors installed to the machines [Kilpeläinen, Heikkilä & Parkkila 2007] . This concept was evaluated by building two prototype systems that were tested at construction sites. The conceptual approach was chosen for reasons that firstly, most of the earlier research of road construction concerned the subprocesses like vehicle tracking [Lu et al. 2007 ], compacting [Peyret et al. 2000] or simulation [Nassar, Thabet & Beliveau 2003 ] and there were no automated processes researched and secondly, recent systems in use are mainly manual and not automated at all. Both of these prototype systems had GPS positioning unit and a wireless communication link (GPRS) that were installed to the machines in order to collect data from the paving process and to save this data to the database. These actions were aiming to the ultimate goal that is smoothly and continuously streaming paving process where resources are used with optimal efficiency.
One of the prototype systems was based on embedded measurement modules. The goal was to collect data as automatically as possible with minimum user interaction needed. This system was tested autumn 2007. [Kilpeläinen, Heikkilä & Parkkila 2007] The more recent prototype system mainly described in this paper had a main focus on machine interaction and designing user interfaces for different machine operators were developed. Another new feature was a direct short-range communication link between the machines. Some more advanced features, like automatic reporting and billing, were also tested. In this prototype the work machines were equipped with in-vehicle PCs and embedded measurement and radio modules. The second prototype was tested autumn in 2008.
Prototype System Overview

Prototype system overview
The prototype system included three different operators: asphalt mixing plant unit in the asphalt mixing station and a vehicle unit with variations to a truck and to a paver. A compactor that is a natural part of paving process was left out of the scope in this time, since it is not having that many interactions between other operators. Both of the unit types had two different communication methods: long-range and shortrange techniques. Also the external server with database and web pages was supporting the functionalities of the units. Figure 2 illustrates the complete prototype system. 
Paver and Truck units
The paver and the truck units of the system consisted a SUNIT D12 vehicle PCs running Windows XP OS. The PC was equipped with a GPRS modem, a GPS module and a colour touch display with proprietary graphical user interface (GUI) for both the truck and the paver. The connections to the database and the web pages were done over the GPRS.
The PC was connected to the external embedded IO and radio module ( Figure 2 ) through the serial port. The embedded module included a short-range radio and a sensor interface.
Asphalt mixing plant unit
The asphalt mixing plant unit was a laptop PC with Windows XP. For internet connection a wireless Flash-OFDM technique was used. Flash-OFDM is a proprietary wireless broadband network connection using operation frequency of 450 MHz. It is used only in couple of countries, e.g. Finland, Slovakia and Ireland, because in most European countries the 450 MHz frequency range is preserved for other purposes. The maximum cell radius of the Flash-OFDM is about 30 km. This is significantly longer compared to the 3G mobile phone networks, where cell radius is about 5 km. This makes Flash-OFDM technique applicable in sparsely populated areas. The asphalt mixing plant unit was also connected to the embedded IO and radio module in order to send and receive short range messages. 
Embedded IO and radio module
The embedded IO and radio module, illustrated in Figure 3 with part numbers, contained a main box (1) and was connected to PCs with the serial bus and build on processor card with ATMEL32 (2) processor, four AD-channels and interface for the NanoNET TRX (Nanotron Tech, GmbH) short-range industrial radio card.
The radio and antenna (3) was earlier tested in VTT projects [Keski-Säntti J., Parkkila T., Leinonen J. & Leinonen P. 2006] and was shown to be usable in difficult environments.
Sensors
Three different sensing elements were connected to the AD-channels in order to provide process and status data. T the output va PT sensor platform core sensors are ro Truck IR both pointing expensive.
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Loading and weighing
After the truck identification the corresponding order number was sent by the asphalt station controller to the truck. The truck used the order number to get the order data from the database. Based on the order, data was printed to the truck drivers GUI.
Again, based on the order data the truck driver accepted the task and filled in the truck and weighted it. The weighting system sent the data to the database and the required mass variable was updated.
Transporting mass to the paver
After the weighting the truck then started its journey to the correct paver. The mass temperature and location data were logged in 10 seconds interval to a specific delivery note with the order information to store process data for quality assertion. The route view was also updated continuously in same interval in order to guide the driver. Also the truck data to the database was updated simultaneously.
Arriving to the paver
When the truck arrived to the correct paver, similar handshaking like with the mixing station took place. The short-range radio was used and the location of the truck was compared from the database. The truck program also sent the mass status data to the paver and it was printed to the paver driver GUI screen. The paver driver could then be sure of the mass correctness and accept it.
Unloading
If the paver driver accepted the load, the truck driver got the note to the GUI screen and unloaded the mass to the paver. Since unloading was done, the paver driver sent a short-range radio confirmation message to the truck. After the message, the delivery note was stored completely to the database and the summary of the delivery was sent to the customer's e-mail address. In addition, a temperature of paved mass is measured and logged with the location within the paver too.
User interfaces
Since all the used system platforms were based on PC and Windows XP OS techniques, all the user interfaces were graphic. GUI programs provided information of the process status and enabled interaction between process entities etc.
There were three different GUIs for trucks, paver and asphalt mixer station. Truck and paver versions were designed to be used with touch screen.
Truck GUI
The truck GUI for example showed information of a suggested and performed orders and show information of the transported mass and platform pose that is seen in Figure 7 .
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The su One big issue is what to do with all the data collected. Of course the data can be stored to the database and used for quality assurance and reporting purposes. In this project, that data was also used in real-time to control the process. The critical process data is displayed to the process operators and some of the decisionmaking process is transferred from the operators to the programs.
The prototype system designed and tested in this project in fall 2008 supports a conclusion that there could be plenty of process improving acts done in the asphalt paving process. The quality control could be made much more efficient and accurate. The vehicle guidance could be improved much too with the security matters. Also the process safety could be improved with help of technical solutions. One of the most important perception is that the prototype system improves the functionality not only the certain construction site but the all the sites that gets the asphalt mass from the certain asphalt mixer.
Since PCs in professional vehicles are getting more and more common, the system like the tested one could be implemented easier and cheaper that makes it extremely reasonable to develop it further. Wireless technologies are developing rapidly and broadband internet access can be available to the vehicles and work machines more commonly. Also existing vehicle bus architectures like CAN should be exploited more vastly when connecting external sensors and terminals to the system. Truck load scale could also enable complete automation to the billing since the sub-loads could be measured in a case where one truck-load would be dispensed to different locations.
